The problem
Modern fiber composites failure investigations have meandered along for six decades. There has been much entropy, little or no energy, and no conclusive, reliable results.
Somewhere along this timeline an organized approach to the problem coalesced. It was the World Wide Failure Exercise, WWFE. 1 Unfortunately it was misdirected along lines that could not succeed. The WWFE was fixated on showing some graphical match between data and theory, no matter how limited or how tangential to what should be the main objective. The WWFE approached the solution through the power of parameters, rather than through an understanding of physical behavior. 2 Ultimately the broad technical community had the good sense to reject this approach.
One can always find some obscure data to match any preferred theory, no matter how ill conceived it may be. Conversely one can always build some theory to match some data source, no matter how poorly executed and misleading it may be.
It is as though common sense deserted many of the individual investigators.
What is the underlying set of circumstances that makes the problem of failure criteria for fiber composites so difficult? Is it the data acquisition problem or the theory building obstacle? The proper answer of course is both, but of the two probably the more severe difficulty is that of gaining meaningful experimental evidence. This is the problem of generating an absolutely rock solid database from which a meaningful theory can be validated. It is astonishingly difficult to conceive and perform the level of quality testing that is required.
The success of testing Hooke's law has generated a false sense of security. It is not as easy as it appears.
There is a world of difference between the one dimensional state of elastic range loading for materials testing and that required for two or three dimensional load application and failure testing. Biaxial testing machines and methods have almost endlessly been developed, world wide, but it has proven to be an extremely difficult and extremely elusive task.
In the fiber composites context, biaxial testing has been a "nightmare". A satisfactory and complete program of biaxial testing has never been accomplished to the level of agreement and acceptance by the well informed user community. The problems are many fold: edge effects, end effects, gripping concepts, gripping mechanisms, materials quality, consistent sample preparation, testing protocols, how to define failure, and on and on. Its an almost endless compilation of traps and blockages.
Further complicating factors
Where then does all this leave us? People constantly ignore these difficulties and simply plow ahead with bogus data correlations that they think proves their favorite theory of behavior. At the other extreme many people conclude that the situation is hopeless. That there can never be a useful and general theory that covers fiber composites failure.
The deeper significance is a little like that which faced the world's foremost physicists in developing quantum mechanics in the 1920's, 30's, and beyond. As to this comparison, some would say that comparing the present materials failure problem with quantum mechanics is preposterous. But hold the fire for a moment. The comparison is not between these two theories of behavior but between the size of the obstacles and the means of coping with them faced by the developers of each of these theories of behavior.
Quantum mechanics was not validated by an easy, facile, and obvious comparison with a particular set of data. Rather, over a very long period of time it was subjected to intense but necessarily subjective scrutiny. Did it resolve the existing contradictions and inconsistencies. Could it project unexpected features of behavior that could later be explored and at least partially verified. All these matters painstakingly occurred. The long term conclusion was that quantum mechanics, as formulated, could better explain the strange and non-intuitive aspects of behavior in the real world than could anything else.
There was another aspect to the acceptance and success of quantum mechanics. It was a carefully, thoughtfully, and thoroughly constructed theory. It could stand on its own merits, when nothing else could. The theory was internally, physically consistent and mathematically rigorous. That was the most convincing proof of all.
Exactly the same approach could and should be applied to the theory of fiber composite materials failure. First there must be derived a physically consistent and mathematically rigorous theory of failure behavior, one that satisfies all the theoretical tests of internal consistency. After that is successfully consummated then and only then examine the projected features of behavior and compare with observed behaviors. The data of these observed behaviors must be completely uncorrupted by the inadvertent and uncontrolled influences that almost inevitably creep in. This overall approach has proven to be very difficult to follow, it requires great discipline. Perhaps the above process of the theoretical development and the attempted validation process must be repeated many times over to make progress.
Some contrary influences
Another part of the state of confusion and consternation is due to the mis-understanding of the meaning of the term macroscopic theory of behavior. The prevailing view is that if it is a macroscopic theory it couldn't possibly be fundamental. It must be nanoscale to be fundamental, so they say. That is absolutely incorrect, as a generalization. Macroscopic failure is usually seeded by flaws and defects at the macroscopic scale. The only common exception is that of dislocations, but even there the rigorous description of the response must be at the macroscopic scale.
There are well conceived, rigorous and fundamental theories at the macroscopic scale and there are junk theories at the macroscopic scale, as with all scales. It is helpful to remember that Einstein's theory of general relativity is at the ultra-macroscopic scale (cosmic) and it could not be more fundamental. Many have tried to tie general relativity back to quantum level considerations but none have succeeded. General relativity exists as a magnificent, free standing scientific entity. It seems that every physical effect has its own unique scale of dominance and relevance. "Bridging the length scale gap" has been way over-hyped.
Until at least now, there has been no strong incentive for trying to solve the problem of composites failure and there have been many dis-incentives against trying to do so. Most of the journals in the field and the large international meetings and congresses have perpetuated this misdirection. There are many advantages to preserving the status-quo. The large meetings and major journal circulations provide ideal platforms for individual career enhancements. It is not just a coincidence that it does not seem to be in the DNA of these organizations to do the heavy lifting needed to advance the discipline. The unspoken strong preference is to preserve the existing order, careers depend on it.
There have been a few significant individual efforts to advance the field but they don't gain much traction when opposed by the influences mentioned above. As examples, Christensen, through his recent years of activities in books and papers, 3 has extended that effort. Recently Bazant and colleagues, 4 have mounted a considerable effort and program on the problem. Perhaps, or even probably, other worthwhile individual efforts have recently been offered. But these examples are all just singular efforts fueled by intellectual stimulus, not produced by program directives.
A possible solution
What would it take to make something beneficial happen for the entire discipline. First, a consensus must be reached that something must be done. Where, when, and how this could be achieved is unknown at this point. Some organization with considerable status and standing should recognize the urgency of the current deadlocked situation and proceed accordingly. A suggestion can be offered here as an example of something that could make a difference.
Imagine a solidly backed and carefully chartered task force type of group or committee endowed with the authority to critically examine the failure problem: starting with (i) survey the past mistakes and misdirections, then (ii) assess the current work and status of the field, and finally (iii) plan a course for the future, not just with goals but with specific actions. It must be a course that would lead to advancement of the discipline, not just more of the same. The composition of the group and its charter would likely either ensure success or guarantee failure. If people of the substance of the late Professor Michael Hyer were involved then there could be a positive outcome. Otherwise it is continuation of the same old busy work going nowhere, perhaps for six more decades.
If properly organized, there would be a considerable spark of hope with fiber composite materials. As a well circumscribed and delineated field it is much more defined than that of the failure all materials of all types. The specific case of carbon fiber/polymeric matrix composites would be where all the composites attention should be focused. There is sufficient recent progress in that direction to be very encouraging.
A concentrated and dedicated effort would finally remove the long standing and formidable barriers to failure characterization for these materials. This refers to both the technical and non-technical barriers. That would open the door to further progress for this most promising of materials forms that is simultaneously in continuous development and in very broad usage.
